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continuously with the International Ultraviolet Ezplorer (IUE) for 9.3 days, yielding a pair
of LWP and SWP spectra every ~70 minutes, and during four-hour periods for 4 days
prior to and 5 days after the continuous monitoring period. The sampling frequency of
the observations is an order of magnitude higher than that of any previous UV monitoring
campaign on a Seyfert galaxy.

The continuum fluxes in bands from 1275 A to0 2688 A went through four significant and
well-defined “events” of duration 2 - 3 days during the continuous monitoring period. We
find that the amplitudes of the continuum variations decrease with increasing wavelength,
which extends a general trend for this and other Seyfert galaxies to smaller time scales (i.e.,
a few days). Cross-correlation analysis shows that the continuum variations in all of the
UV bands are simultaneous to within 0.1 days, providing a strict constraint on continuum
models. The emission-line light curves show only one major event during the continuous
monitoring (a slow rise followed by a shallow dip), and do not correlate well with continuum
light curves over the (short) duration of the campaign, because the time scale for continuum
variations is apparently smaller than the response time of the emission lines.
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“Multiwavelength Observations of Short Time-Scale Variability in NGC 4151. 1. Ultravi-
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MULTIWAVELENGTH OBSERVATIONS OF
SHORT TIME-SCALE VARIABILITY IN NGC 4151.
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ABSTRACT

We present the vesults of an intensive ultraviolet mouitoring campaign on the Seyfert ] galaxy
NGO 4151, as part of an effort 10 study its <hort time-scale variability over a broad range in wave-
length. The nucleus of NGO 4151 was ohserved continunously with the fnicrnational Ultraviole!
Erplorer (IUE) for 9.3 days. vielding a pair of LWP and SWT” spectra every ~70 minutes. and
during, fowr-lour periods for 4 days prior to and 5 days after the continuous monitoring period.
The sampling frequency of the observations is an order of magnitude ligher than that of any
previous UV monitoring campaign on a Sevfert galaxy.

The continuum fluxes in bands from 1275 A 102688 A went through four significant and well-
defined “events” of duration 2 - 3 days during the continuous monitoring period. We find that
the amplitudes of the continuum variations decrease with increasing wavelength. which extends
a general 1rend for this and other Sevfert calaxies to smaller time scales {i.e.. a few davs). Cross-
correlation analyvsis shows that the continuum variations in all of the UV bands are simultaneous
1o within £0.1 days. providing a strict constraint on continuum models. The emission-line light
curves show onlv one major event during the continuous monitoring (a slow rise followed by a
shallow dip). and do not correlate well with continuum light curves over the (short) duration of

the campaign. because the time scale for continuum variations is apparently smaller than the

response time of the emission lines.

Subject headings: galaxies: individual (NGC 4151) - galaxies:active — galaxies:Seyfert — ultravi-

olet:spectra



1. INTRODUCTION

Variability monitoring of active galactic wuclei (AGN) has beconie the nost productive way to
probe the spatially unresolved nuclear continunmn source and. when present. surrounding broad-
line region {BLR). The success of recent large-seale monitoring campaigns are e 1o iigh 1empo-
ral sampling rates over extended periods of time (see Peterson 1993 for a review ). The cornerstone
of most of these campaigns has been the International Ultraviolet Explorer (IUT). because it caun
provide long pei*iods of observations at precise intervals. accurate absolute flux levels. and access
to the UV. where the continuum and high-ionization lines are more st rongly variable than in the
optical. Most campaigns have focused on nearby bright Sevfert 1 galaxies whose UV continua
and emission lines were previously known to be strongly variable.

The initial ICE cémpajgn on NGC 5548 is described by Clavel et al. (1991). and results from
concurrent and subsequent ground-based monitoring programs are given in Peterson et al. (1991,
1992. 1994). and Dietrich et al. (1993). One of the most fundamental results from these efforts
is that there was no detectable delay between the variations in the ultraviolet continuum hands
and those in the optical: that is. the time lag hefween the U\ and optical light curves was <
davs (the sampling interval for the JUL campaign). This provides an important constraint on
models of the continuum source. For example. for thin accretion disks (e.g.. Shakura & Sunyaev
1973). this implies that surprisingly high radial signal speeds ( X 0.1¢) coordinate the different
regions of the disk (Krolik et al. 1991). A possible explanation is that the U\ and optical
continuum emission is due to reprocessing by cooler. outer material of X-ray photons created
closer in (Courvoisier & Clavel 1991: Collin-Souffrin 1991: Krolik et al. 1991).

A major campaign on NGC 3783 with JUE (Reichert et al. 1994) and ground-based telescopes
(Stirpe et al. 1994) resulted in the same approximate upper limit (£ days) for the lag between

optical and UV continuum variations. A subsequent HST. IUE. and ground-hased campaign



on NGO 5548 (Korista et al. 1995). anchored by daily observations with the Faint Objec
Spectrograph. demonstrated that the U\ and optical continuum variations in NGC 5h4% were
further constrained to be simultancous 10 within 21 day. ln addition. Clavel et al. (1992) show
that the N-ray and UV continuum fluxes are corrclated. but with considerable scatter and a
rather Joose constraint of < 6 davs on the time lag. In order to obtain tighter constraints on
the Bags. il anyv. between NX-ray., UV and optical continuum variations. it became ;’videm that a
multivavelenath nionitoring project with even higher temporal resolution was needed.

The previous campaigns have also demonstrated that the emission-line vesponse times to
changes in the photoionizing continuuim are very short (davs) and a function of ionization. witl
1he high ionization lines responding more rapidly. In fact. the initial campaigns on NGC 5548 and
NGC 3783 (Clavel et al. 1991: Reichert et al. 1994) found that the lags for the highest ionization
lines. Te1l A1640 and N v A1240. were unresolved (i.e.. <4 days). With the higher sampling of
the subsequent HST. TUE. and ground-based campaign on NGC 5548. Korista et al. (1995) were
able to determine that the lags for these lines were slightly less than 2 davs. Thus. a sccondary
ooal for obtaining higher temporal resolution is to check this result for this and other Seyferts.
and specifically 1o fully resolve the transfer function of the high jonization lines (Peterson 1993).

A new effort was initiated to provide an order of magnitude increase in the §ampling rate over
previous campaigns on Seyfert 1 galaxies. similar to that obtained for the BL LAC object PKS
2155301, which was monitored continuously bv 1UL for 5 days (Urry et al. 1993) as part of a
multiwavelenth campaign (Edelson et al. 19953). A determined effort was also made to obtain
concurrent observations of NGC 4131 at other wavelengths, particularly in the optical X-ray
regions, 1o test the predictions of accretion disk and continuum reprocessing models. This would
also allow a comparison with the multiwavelength observations of PKS 2155-304, an object with

a strong bcamed component. The data and basic results from the IUE campaign on NGC 4151



“‘1

are given in this paper. Other papers in this series report on optical ohservations (Kaspi et al.
1995, Paper 11). high-encrgy observations (Warwick et al. 1993. Paper 111). and a comparison of
the multiwavelength continunm data (Edelson et al. 1995b. Paper 1V

NGC 4151 is a nearby (ez = 993 ki ~7") barred spiral galaxy that is viewed nearly face-on
(Simkin 1975). It was classified as a Sevfert 1.5 by Osterbrock & Koski {1976G). because its nucleus
shows strong narrow components for the permitted lines. in addition 1o the hroad (thousands of
km s~! FHWM) permitted and narrow (hundreds of ki s=' FWHM) forbidden lines that define
a Sevfert 1 galaxy. HST images show that the narrow-line [O 111] A5007 emission arises from a
nuclear point source and an extended {~ 3”) NLR that consists of a number of emission-line
clouds in a biconical structure (Evans et al. 1993). The radio emission is extended along the
same general direction as the [O 1] emission on arcsecond and sub-arcsecond scales (Johnston
et al. 1982: Wilson and Ulvestad 1983). although the optical emission-line and radio axes arc
misaligned by ~ 20°. NGC 4151 exhibits a complex X-ray spectrum. which can he characterized
in the 2 - 10 keV region by a power-law continnum modified by a warm or partial ahsorber. and
in addition. a soft X-rav excess in the 0.1 - 2 ke\" range (Holt et al. 1980: Yagooh. Warwick. and
Pounds 1989: Weaver et al. 1994a.b).

Because it is so bright and strongly variable in the UV, NGC 4151 is the ideal target for
intensive monitoring (see Ulrich et al. 1991 for a summary of previous UV obscrvations). It
shows ultraviolet continuum variations with doubling times as short as a week (Clavel et al.
1990). and is one of the few AGN for which emission-line cross-correlation Jags have been reliably
determined, yielding characteristic time scales for emission-line response of 4 + 3 dayvs for C1v
1549 (Clavel et al. 1990) and 9 £ 2 days for the Balmer lines (Maoz et al. 1991). The UV
spectrum of NGC 41351 shows extremely broad emission lines (~30.000 km s~! FWZI for Civ).

It also contains a number of broad (1000 km s~'), blue shifted (—1100 to =100 km s7'). and



variable absorption lines that arise in jons of widely different stages (Bromage et al. 1985: Kriss
ot al. 1992). and two unidentified emission lines. known as L1 A151% and L2 A1594. that bracket

the C1v A1549 feature (Ulrich of al. 1985: Clavel et al. 1987).

2. QOBSERVATIONS

The nuclens of NGO 1151 was observed with the TUE SWP (1150 - 1970 A) and FEAVE (1970

3300 A} cameras Urough the Targe apertures (107x 207) in low-dispersion mode (resolution
= 5 - % A FWHM). Observations were made in a continuous mode over 9.3 davs during 1993
December 1 - 10, In addition, observations were obtained during four-hour U52 shifts (which
frequently experience higher particle radiation) on the four davs prior to and five days after the
continuous wonitoring period. The standard observing procedure was 10 obtain alternate LWP
and SWP exposures by reading and preparing oune camera while the other camera was exposing.
which resulted in a pair of spectra every ~70 minutes. During cach dav of the continuous
monitoring. the observations were interupted for ~2 hours as the Earth occulted the target and
the spacecraft was maneuvered 1o a low J (angle between the telescope axis and the anti-solar
direction) to maintain attitude control and cool the onboard computer.

The observations were affected by the presence of scattered solar (and occasionally Earth)
et in the telescope tube. which has been present since carly 1991 and is strong at g 2> 30
{Carini & Weinstein 1992). In or(.l(‘r 1o obtain concurrent observations with other satellites (e.g..
ROSAT) it was nccessary to observe NGC 4151 at g = 90°. The scattered light spectrum is
such that there is contamination of the LWP spectra at the long-wavelength end (see section
3.2). but no contamination of the SWP spectra. The most noticeable effect of the scattered
light is that it greatly increases the background level in the FES, which is the optical target

acquisition detector. Thus. the nucleus of NGC 4151 could not be detected directly. since the



FES background counts exceeded those expected for the target by a factor of ~50. and no optical
liclt curve could be obtained from the I'LS. Fortunately. the scattered light had litde effec on
acquisition and guiding during the exposures. The nuclens of NGC 4151 was acquired by blind
offset from a nearby bright star (SAQ G2869). which i~ a procedure that typically results by oa
positioning error in the aperture that is < 1”. During the exposures. the same bright star was
used for guiding. since it remained in the portion of the FLS ficld-of-view that is least affected
by the scattered light. The offset slew was repeated abont once every 8 hours 1o recenter the
target in the aperture and to update the guide star position. sinee the spacecraft rolls to maintain
optimal positioning of the solar arrays.

A log of the TUE observations is given in Table 1. The UT date. start time. and duration are
given, along with the Julian Date for the midpaint of each exposure. The exposure levels from the
raw images. as determined by the telescope operators at the time of the observations. are given
in Data Numbers (DN ). where a value of 235 indicates overexposure. Athough the determination
of the exposure levels is somewhat subjective. thev are accurate enouglh to evaluate the general
quality of the d—;l,a.. The emission levels are given for the peak of C1v (SWP)or Mg (LWP). and
the continuum and background levels are averages of values in the long-wavelength region of cach
camera. Exposure levels were not available for a couple of images that had to be recovered fr.um
analog tape. The exposure levels are all considered 1o be near optimal. except for the few inrages
flagged in the notes. There was significant particle radiation for some of the images obtained
during the US2 shifts. which could result in slightly lower signal-to-noise ratios for the affected
spectra: these spectra can be identified by background levels that are substantially higher than
the average background levels, which are tvpically ~15 DN for the SWP and ~27 DN for the
LWP.

A total of 205 SWP and 196 LWP spectra were obtained of NGC 4151 during the campaign.



Oulv six inages are considered to be unusable. The exposure time for SWP 49394 was cut short
due to an impending Earth occultation. The target was on the edge of the aperture for LWP
26984, SWT 49428, and LW 26895, Most of the two images for L\WP 2693] and LWP 2700%
were Jost due to telemetry problems. and could not be recovered. The other problems in the notes
for Table 1 are minor. and do not significantly affect the measured fluxes: the microphonics are a
periodic noise pattern with an amplitude < 8 DN (Newmark et al. 1992) that occur infrequently,
and 1he additional 10 minutes of exposure in high-dispersion for LAWP 27024 had no detectable

inpact. We are Jeft with 395 useful spectra to work with: 203 SWI and 192 TWD.

3. DaATA REDUCTION AND ANALYSIS

The 1U1 projeet has developed techniques for improving the signal-to-noise. wavelength assign-
ment. and flux calibration of 1UE spectra: these techniques are being used in the new processing
svstem (NEWSIPS) 10 produce the JUE Final Archives. However. at the time of the observations.
only the old processing svstem (1UESIPS) was available for current data. We decided 1o usc a

newly available system developed by Tom Avres called “TOMSIPS™.

3.1 TOMSIPS Reduction

TOMSIPS is based on many of the technigues developed for NEWSIPS and includes a realistic
noise model (Avres 1993). TOMSIPS. like NEWSIPS. uses an identically rotated intensity trans-
for function (ITF). The old ITGESIPS used pre-rotated ITFs. which do not always match up with
the current image and can introduce fixed pattern noise. TOMSIPS uses an ITT based directly
on the raw images of the flux standard white dwarf G191B2B. and a wavelength calibration based

upon the ciission-line spectra of A Andromeda.



TOMSIPS uses a shit-weighted extracton method similar 1o e OPTINLAL techique c Ninney.
Bohlin. & Neill 1991). with the distinet difference that the cross-dispersion profile i« not of o fixed
form. but matches the actual average cross-dispersion profile in the region. Becanse the cross-
dispersion profile is both wavelength aud emission-line dependent. 10 separate cross-dispersion
regions are used for the SWP and 7 are used for the WP, Unlike previous extraction technigues.
including OPTIMAL and GEX (Gaussian extraction. see Reichert et al. 1994). the TOMSIPS
orrors are not “oxtraction” errors. but arce true estimates of the flux uncertainties empirically
derived from an independent noise model (Ayres 1993). The improved noise model and similarly
processed ITF substantially reduces the pixel-to-pixel variations of the final spectra. A detailed

comparison of TOMSIPS with other processing techniques appears in Penton et al. (1995).

3.2 Scattered Light Contanrination of LWP Speetra

The scattered light in the IUE telescope is characterized by a solar spectrum (Carini & Wein-
stein 1992). and therefore rises sharply at the long-wavelength end of the LW region. Unfortu-
nately. the scattered light exhibits a strong (and possibly variable) gradient across the aperture.
and there are no proven techniques for removing it at this time. The flux Jevels of several sky
background LWP spectra obtained during the campaign indicate that the scattered light con-
tributed the following approximate percentages to the total fluxes in the continuum bands: ~1%
at 2300 A, ~ 7% at 2688 A. ~26% at 2970 A. and ~37% at 3130 A. Checks of the flux levels
inside the aperture, but away from the spectra. indicate that the background contribution typi-
callv varied by <1% at 2688 X over the course of a day. presumably as a result of changing .4 or
Earth angle. At longer wavelengths. the background variation started to significantly alter the

observed continuum variations.

10



3.3 Continuum and Linc Mcasurements

Contimnun weasurements are made in known line-free bands in the rest frame of NGC 4151, A
continuum flux is taken to he the error-weighted mean over the bandpass. and the continuum flux
error is the standard deviation of the niean over the bandpass. Tor SWP spectra. the continuum
regions selected are 1260 - 1290 AL 1420 - 1460 A and 1805 - 1835 A. In the LWP spectra. the
only usable contimnim band is 2625 - 2750 A: at shorter wavelengths. the spectra are too noisy,
and at longer wavelengths. the spectra are 1oo contaminated by the variable scattered light.
The continuum bands are shown in Figure 1. along with the average SWP and TWDP spectra
for thi~ campaign. The sharp apturn at the lone-wavelength end is due to the scattered light
contamination.

Ta measure the cmission and absorption line components. pre-defined regions around cach
feature of interest are extracted and a fit is made in the rest frame. Initiallv. the fit consists of

a power-law continuum of the form Fy = Fo(A/ o). with the data weighted by the TOMSIPS

errors. Gaussian comiponents of the form

F§ = Fyexp [-(’\_" ’\)] (1)
20

are added 1o measure the emission and absorption features. The Gaussians are initially centered
at the expected line center (A,). but are allowed to “float™ in wavelength (A). width (a¢g). and
amplitude (Fy). The float in wavelength and width is required to compensate for wavelength
calibration orrors and the asymmetry of the broad emission lines. All Gaussian components
without an initially fixed minimum width are constrained to have a minimum width of twice
the instrumental profile (7 = 1.5 A) to prevent fitting spurious pixels. Five separate regions
containing emission and/or absorption features were examined separately. since slightly different

procedures are needed 10 properly fit each spectral feature. These regions are: 1155 - 1315 A

11



(Lva and Nv A1240). 1307 - 1463 A (CH AL334.Siny A1398 and O] A02). 1125 1750 A
(N IVIATIRG. C v A9, e A6 0. and Ol AT6G3). 1790 1960 .\ (AL MERAT.STing AIN90,
and C1n; A1909). and 2640 - 2915 A (Me1r A2R00).

‘lo ensure an unbiased extraction of the parameters characterizing the UV cmission and ab-
sorption features. the spectral components are svstematically fit with a modified version of the
MINUIT (James & Roos 1975) software. The CERN-developed MINUIT uses the nou-linear Jeast
squares Levenberg-Marquart method to fit \* minimizing Gaussian components to the spectral
features. Errors in the fitting parameters are determined by exploring parameter space near the
minimum and are reported as la errors.

Complicated features such as C1V require multiple Gaussian components. While cach new
component will reduce y*. it may not always be statistically significant. In these cases. an -
test is applied (Bevington 1969). Only when the component passes the F-test will it be added
1o the final fit. As an additional restriction. we have chosen 1o limit the maximmm number of
components for each specific line (c.g.. C1V A549) 1o three. All Gaussians were imitially allowed
a wide range of parameter space 10 achieve the best fit: this range was reduced as obvions trends
of the fits became apparent.

Line fluxes were calculated by integrating and adding together the individual components of
the feature of interest. A quadrature sum of the individual integrated Gaussian errors is not a
true error estimate of the integrated flux. but in fact overestimates the true error. Similar 1o
a method used in a previous campaign on NGC 5548 (Clavel et al. 1991). the point-to-point
integrated light curve variations were used 1o scale the errors to the proper values.

Table 2 shows the allowed ranges and means of the final component fits. The components
that were summed together to produce a measurement for a particular line or blend are described

in the next subsection. Figure 2 shows an example of the combined fit 1o an individual SWP

12



spoectram.
A4 Sunomation of Line Cotponcnts

We attach no physical signficance to individual components for a particular line (e.p.. €1V
A1519): the component [its are just a convenient description of the data. In addition. many of
e individual emission and absorption lines in a given region are blended as a result of their
proximity. and their individual light curves are noisy and difficult to interpret as a result of the
fitting technique’s inability to accurately deconvolve themw. Therefore, as in the past (Clavel et al.
1991: Reichert o al. 199.1). we use the sum of components to represent the dominant enission-
line in a particular region. When we guote results for a particular sum of components. we use
the dominant emission Teature as a designation (e.g.. “CNT for the sum of the components of
Civoand N v

Many of the Teatures in NGC S151 are very difficult 1o measure accurately due to contam-
ination and/or the complicated nature of the U\ spectrum (many broad and narrow emission
and absorption lines). Their light curves at relatively low levels of variability are very noisy. and
cannot be used for the detailed analyses in Section 4. The redshift of NGC 4151 places its Lya
emission at 1219.7 A. whicl is too close to the geocoronal emission to allow a separate fit to
the two narrow components. Hence. the Lya + Nv light curve is dominated by the substantial
variation of geocoronal Lya over the course of each dayv. and is not usable for this study. As
shown in Table 2. the Si1v + O1v] feature is dominated by a strong Si1v absorption doublet,
and an accurate measurement of the intrsinic emission is not possible. Finally. the Mg feature
is strongly aflecied by the scattered light. particularly in the red wing.

The fluxes of the features around C v, He i, and C i) can be measured accurately enough to

produce reasonably good light curves. The Civ line profile is complicated. showing multicompo-
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nent emission and self-absorption. Due ta their proximity. the €1v. Nv]o Henand Oan] features
are all fii simultaneously. The Niv]. Q1) aud Hen features are cach fit with a single Gaussian,
while the more complicated C v feature is fit with three Gaussian cOmponents: a DArrow enission
component. a very narrow absorption conponent. and an extended eniission component. The
He 1t and O ] emission are blended. but distinet enough from the CIv emission. to be treated
as a separate feature. Thus. we have separate measurments for Civ 4+ Niv] and Hen 4+ Oanl.
The C 111] region is modeled with an absorption component for Al a single cmission com-
ponent for Siin]. and up to three emission components for (1], as shown in Table 2. Due
to the asymmetry of the (i} emission. three components are needed:  a narrow component,
a broad component. and a component labeled “rod”. The red component ix limited in central
wavelength 1o avoid interference with the 5i 111) emission on the blue wing of Ci]. The Alm
absorption on the extreme blue wing of the emission can he separated from the overall feature.

so the measurement is for Cin] + Si}.
— 3.5 Comparison with 1UESIPS

As a consistency check on the TOMSIPS processing scheme. we compared the measured con-
linuun: fluxes with those obtained in the same wavelength bins from the IUESIPS spectra. Figure
3 show this comparison for the 1275 A bin. demonstrating that the fluxes from the two methods
are extremely well correlated (the linear correlation coefficient is r = 0.906). The other SWI
continuum bins show the same excellent correlation. with the TOMSIPS fluxes systematically
higher than the IUESIPS fluxes by 1 - 10%.. depending on the bin. Thisis a direct consequence of

the slightly different (and improved) photometric correction and absolute sensitivity calibration

as a function of wavelength.
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4., REsvLTs

Tables 3 and 4 give the TOMSIPS continuum and line fluxes (and a<sociated errors) as a
function of Julian Date for the SWP and LWP spectra. The few observations that are not

included in these tables are listed in section 11

4.1 Pattern of Variability

Iigure 4 gives the SWP and LWP continuum light curves as a function of Julian Date. The
lieht curves show significant variations on a number of different time scales. particularly at short
wavelenaths, The variations are as large as 40 - 50% on a time scale of several days. and ~10%
on a fime scale of several hours. During the 9.3 days of continuous monitoring. there were
fonr targe-amplitude “evems™ of duration 2 -3 days (minimum to minimutn). These events are
temporally well resolved. and they are casily recognized in each continuum waveband. Many of
the shorter time-scale. small-amplitude features also repeat in at least two diflerent ‘wavebands.
The variations prior 1o and after the continuous monitoring period are clearly undersampled and
are of limited use. although it is evident that therc were strong variations during the last five
days of the monitoring period.

Table 5 lists some basic properties of the variability in each waveband. The mean fluxes for
the entire data sct are given. as well as the mean errors. which are the average values of flux
error divided by mean flux. F,... the fractional variability, is the standard deviation of the
fluxes divided by the mean flux in each waveband. It has been corrected to reflect the intrinsic
variability by subtracting the mean error in quadrature. R,.a- is the ratio of largest to smallest
mean flux in each waveband. It is clear from the parameters in Table 5 and from inspection of the

-

light curves that there were significant variations in all continuum wavebands over this relatively



short period of time. In particular. T, is 4 - 10 times larger than the mean crror. whicl is only
about 1 - 1.5%.

The amplitude of the continuum variations decreases wit b increasing, wavelength. as was the
case for NGC 5348 (Clavel et al. 1989) and NGC 3783 (Reichert et al. 1994). This can be
seen in both the F,,, and Ry, paramcters. This result is in general agreement with previons
IUE studies of NGC 4151 (e.g.. Perola et al. 1982). which find that for larger amplitude (b
undersampled) variations. the U\’ continuuns iadiation hardens as it brightens. The combination
of the well-sampled UV variations described in this paper with those in the optical (Paper 11)
and X-rav regions (Paper III) perinits a more detailed examination of the behavior of contimmnnm
amplitude as a function of wavelength (sce Paper 1V).

Figure 5 gives the light curves for the strongest lines in the S\WP region. It is clear that the
emiission-line light curves are similar in appearance. with the fluxes rising through the first hall
of the campaign (over 8 — 9 days). and Jeveling ofl thereafter. Civ. the line with the smaliest
percentage errors. shows evidence for a subsequent shallow dip of duration ~3 days in its ligln
curve before recovering to the previous maximum. The He1l and C ) light curves appear to
reflect these trends, although they are substantially noisier. There is a suggestion that the
C 111} and possibly the Hen light curves reach the first maximum ~1 day before the C1v light
curve. The reality of the shorter time-scale (~ 1 day) features in the emission-line light curves i
uncertain, and it may be that the error bars for the He 1l and C 1} points are underestimated.

The light curves of the emission-lines are substantially different in ch4a.ra.('l.er compared 1o the
continuum light curves. The continuum variations. which are very well defined. are much more
rapid. Presumably. this is the result of a substantial response time of the lines to changes in Lhe
continuum. which will be explored in the next subsection.

Some basic properties of the cmission-line variations are listed in Table 5. The fractional
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variability 7, .. again corrected to reflect the hitrinsic variability. and the ratio of largest 10
analiest flox K., indicates that there were significant variations for all three emission lines
hown. There is o obvions trend of Tareer variabiliny amplitnde for lugher ionization fines, as
was the case for NGO 48 (Clavel en al. 1991) and NGC 37838 (Reichert et al. 1994). although
we are rostricted to only a fow lines due to the small amplitude of variations over a short period
of time and the complicated nature of the spectrum of NGC 4151, In light of previous studies.
the Targer amplitude of the e variations is expected. but it is somewhat surpising that the

amplitude of the C 111} variations is larger than that of Civ.

4.2 Time-Series Analysis

Cross-correlation of a continuum light curve with a light curve from another continuum band.
or an emission-line light curve. has been used in the past to determinine if the variations are
correlated and if there is a time lag hetween the two series. Two distinet correlation Tunctions
were calenlated Tor the UV ight curves of NGC 4151z the interpolation cross-correlation function
(CCT: of. Gaskell & Sparke 1986: Gaskell & Peterson 1987) and the discrete corrclation function
(DCT: of. Edelson & Krolik 1988). The correlations were calculated exactly in the manner
described by White & Peterson (1994)° The continuum light curve at 1275 A was cross-correlated
with that of eacl continuumi bin and line feature. and in addition. the C1v light curve was cross-
correlated with itself 1o generate its auto-correlation function (ACF). The calculations were
performed for the subset of data obtained during the continuous monitoring period, and for all
of the data obtained during the IUE campaign. The sampling interval chosen was 0.05 davs
(72 min). which is the approximate interval between consecutive observations with a particular
camera during the continuous monitoring period.

TFigures 6 and 7 show the continnum band CCF's and DCTFs (which include error bars) for
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the continuous and entire data sets. respectivelv. For the continnous data. the CCF's and DCF's
are nearly identical. as expected for regularly sampled light curves (White & Peterson 1991).
The DCF is slightly higher in the 1 - 5 day range with the inclusion of the non-continuous data.
whereas the CCF is significantly higher in this regime. where there is a significant amount of
interpolation to a much finer grid for the days before and after the continuous monitoring period.
Figures & and 9 show the emission-line CCF’s and DCT s for the continuous and entire data sets.
respectively. The regular sampling is again responsible for the agreement between CCF's and
DCF s in Figure 8. In Figure 9. after a longer span of data is included. both CCF and DCI values
are higher in the 1 - 5 day regime. and additional peaks in the correlation unctions appear.

The most important conclusion 1o be drawn from these comparisons is that for the continuum
bands. the CCF’s and DCF’s for both data sets give the same lag at which the peak correlation
value occurs. to within £0.05 days. It is also clear from Figures 6 and 7 that the continuum
variations are all highly correlated. TFor the emission-line features. the corrclations with the
continuum light curve at 1275 A are much less significant. This is not a surprise. since the
continuum and emission-line light curves are so different. As a result. the lags at which the peak
values occur are not well defined and differ depending on type of correlation and data set used.
However, the cen_troids of the data around peak values are similar for CCF's and DCF’s from
cach data set.

‘Table 6 gives the main characteristics of the CCF's computed from the continuons monitoring,
of the continuum fluxes. The parameter A, gives the time lag (in days) for r,,.,-. the peak
value of the CCF. whereas Alceniroiq gives the centroid in days for CCF values greater than
0.5rq.. The full width of the CCF at 0.531,,,, (FWHM) is also given. A negative value for
Atpear OF Atyeniroig indicates that the variations for that feature precede those from the 1275 A

continuum bin.
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Lorors in the time lags were estimated using the analytic formula of Gaskell & Peterson (1987)
and the Mante Carlo simulation method deseribed by White & Peterson (1994). For the cross-
correlation of the 1275 A han b with other UV continuum bands. both techuiques vield 1 @ errors
of 0.03  0.01 davs. Given the slight differences in lags determined from different corrclation
techmiques and different ways 1o measure the peak. a conservative estimate is that the lag errors
are < 010 days.

It is clear from Table 6 that the continuum variations in the various bands are all highly
correlated. with r,., values in the range 0.70 - 0.92. and sinmultaneous to within + 0.10 days
(144 min). as evidenced by the small lags given by My, and Ateepiroia- The CCF for 2688 A is
somewhat unusual. with a secondary peak at ~1.5 davs. This could be the result of blended Te 11
and Jor Balmer continuum cmission. which are often prominent in this wavelength region (Wills.
Netzer. & Wills 19857 and likely vary on a longer time scale than the continuum. or it could be an
indication of another contimimm component. More careful modeling of the emission-lines in this
region and/or detailed comparisons with the optical variations may help to distinguish between
these possibilities. Nevertheless. it is evident that the prinicipal variations-of the continuum at
2688 A are svichronous with the variations at shorter wavelengths.

Figures 8 and 9 indicate that the emission-line variations are not well correlated with the
continuum variations. In addition, the tTCF’s for the entire data set .exhibit multiple peaks.
This is a result of the fact that the continuum light curves show several quick events during
the monitoring period. whereas the emission-line light curves show only one well-defined event of
longer duration. The time scale for continuum changes in this instance appears to be substantially
shorter than thé response time of the emission-lines, as indicated by the large F\\"HM of the ACT
for C1v (4.4 davs) in the continuous data set compared to that of the 1275 A continuum bin

(1.2 davs). Since the continuum and emission-line light curves are so dissimilar. the correlation
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functions are of limited use. and the lags at which the cross-correlations peak are not reported
here. A more realistic value for the C v emission-line lag has been determined with a data set

of longer duration by Clavel et al. (1990).

5. SUMMARY AND CONCLUSIONS

We have ohserved the nucleus of NGC 1151 with TUE continuously for 9.3 davs. obtaining a
pair of SWP and LWP spectra every ~T0 min. in the most intensive U\ monitoring Catnpaign
to date for a Sevfert 1 galaxy. Observations were also obtained on the four days prior to and five
davs after the continuous monitoring period. The TUE observations are part of a nultiwavelengt ]
cffort to study the short time-scale (hours 1o davs) variations of NGC 4151, which have not heen
well characterized in the past for any Sevfert 1 galaxy.

During the monitoring period. significant variations were detected in the fluxes of the contin-
sum bands and the emission-line features. For the continuous monitoring period. there are four

well-defined “events™ in the UV continuum light curves. whereas the light curves for the strong

emission lines are very different. showing only one major event (a slow rise followed by a shallow

dip). Measurement and cross-correlation of the light curves allow us to draw some important
conclusions:

1. The UV continuum of NGC 4131 can vary siwnificantly on very short time scales. going
through an “event”™ (i.c.. a significant local maximum preceded and followed hy focal minima) in
only 2 - 3 days. The amplitudes of the cvents in this case are small compared to those found in
NGC 4151 over longer time scales {Clavel et al. 1990). but are large compared to the IUE errors.
demonstrating the feasibility and importance of continuous mionitoring of AGN in the UV

2. The relative amplitudes of the continuum variations decrease with increasing wavelength.

with Rpne, = 1.51. 1.45. 1.31, and 1.24 a1 A = 1275 A. 1440 A. 1820 A. and 2688 A over the
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momtorine period. This beliavior s also heen seen in the monitoring catnpaigns on NGC H3I8
(Clavel o al, 1991 Korista of al. 1995 and NGO 3783 (Reichert ¢t al. 1994) on longer time
~Calos,

ol e comtinains variatione e all of the TN hands are somudtancons to within =0.1 davs

U s Thie de aon importand soned very strict canstiai compared 1o the upper limits on U7V
cantinnmm i obrained for NGO ANVIS A0 0§ davs, Clhavel ot alc 10070 N o Ddan
Worista ot al 1990 and NGO 3TN 0N o Hdays, Retehert ot all T80Ty,

L) e emiesion tine varistions of NGO 111 are not always well correlated withe the continunm
variations over short periods of time (davs or less). The apparent reason for the dissimilar
comtinnum and emission-line light curves from our observations is the relatively short time scale for
contimimm variations compared to the response time of the emission-lines. Consequently. cross-
carrelations are not very useful tools in this case: betier 1ools (e.g.. techniques for deterniining
the trausfer function) and/or longer trains of data are required.

We are very srateful to the stafl members of the Goddard and VILSPA IUE observatories
for their assistance in scheduling and executing these demanding monitoring, programs. We also
wish 10 thank our many colleagues. including those on the IUE peer review conunitiees. for
their support of these programs. We gratefully acknowledee financial snpport of this particular

program throueh NASA PO S-30917-F 10 Computer Scienees Corporation.



TARLL 1
LOG OF 1UT OBSERVATIONS
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TABLY 1 Continued
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TABLE 1 - Continned
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SWP 19440 12/04/93 11:06:02 18:00 D323, 40878 189 JuHt 15
LWP 26907 12/04/93 11:35:01 09:00 9325.98786 200 153 25
SWP 4944 12/04/93 12:08:40 18:00 €326.01227 189 1404 e
LWP 26908 12/04/93 12:40:54 09:00 49326.03154 200 150 2%
SWP qu442 12/04/93 13:12:18 18:00 9326.05046 184 10 1o
LWP 26900 12704/ 13:56:52 U900 9326.08428 200 1523 2
SWP 49443 12/04/93 F-:2004 18:0U u326.10977 184 104 e
LWP 26910 12/04/93 15:01:08 RV 32612891 200 155 25
SWP 49444 12/04/93 15:31:00 18:00 9326.15278 159 104 15
LWP 26911 12/04/93 16:053:57 08:00 9326.17253 200 152 25
SWP 19445 12/04/93 16:34:05 18:00 9326.19659 189 101 15
LWP 26912 12/04/93 17:33:30 10:00 9326.23507 2125 191 Ry
SWP guy46 12/04/93 : 20:00 9326.25544 252 1o Y
LWI* 26913 12/04/93 10:00 326271452 PR 130 K'S
SWP o447 12/04/93 14:00: 14 20:00 91326, 29883 248 [REN 17
LWP 26414 12/04/93 19:36:52 uY:0u 19732632030 224 17t
SWH quqg8 12/04 /93 20004 18:00 432634411 227 s 1o
LW 26015 12/04/93 2000085 uRg 32080429 201 1 a3
SWT g9440 12/01/93 210020 17:00 W326.38715 212 b b
LW 26916 12/04/93 21:42:04 0Y:00 9326.40744 213 177 By
SWP 49450 12/05/93 U509 1a:00 932651341 2003 (NN 1
LWP 26917 12/05/93 01:22:58 00 32G.56074 227 18T RES
SWP 99451 12/05/93 U1:52:22 20:00 932658498 227 180 15
LWP 26918 12/05/93 02:29:05 08:00 9326.60631 203 2 3¢
SWP 49452 12/05/93 02:57:42 18:00 9326.62965 214 141 23
LWP 26919 12/05/93 03:29:54 09:00 9326.64889 222 191 48
SWP 49453 12/05/93 03:58:31 18:00 9326.6T189 218 163 36
LWP 26920 12/05/93 04:31:26 08:00 9326.69127 217 178 57
SWP 49454 12/05/93 04:59:49 16:00 9326.713%6 205 172 39
LWP 2692 12/05/93 05:32:32 08:00 9326.73370 214 172 32
SWP 49455 12/05/93 06:00:24 18:00 9326.75653 196 167 2%
LWP 26922 12/05/93 06:32:56 09:00 9326.77600 210 175 38 1
SWP 49456 12/05/93 07:02:48 20:00 9326.80056 208 146 16
L\WP 26923 12/05/93 07:35:00 09:00 9326.81910 210 182 33
SWP 49457 12/05/93 08:18:27 20:00 932G.85304 234 1650 15
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TABLE 1 Continned

Image Number U'T Date UT Start Duration  Julian Date Exposure Levels (DN} Nates
(Mon/Day /Y1) (HrMin:Sec)  (Minihec) (244000040 Emis Cont. Back

FAWT Qo924 IPFEYR 09:25:17 M D326 RO 4 155 38
SWE quysK8 12/05/93 Q9:56:50 RN Q326.92141 203 127 14
MW 26925 12708701 104458 0900 [ARPITRYE b ait] 208 161 36
SWE qagsu 12705705 (N 10 WAL TR 206 132 14
LWE 20020 12/05/93 114617 00 Q320,904 208 161 34
SWI gag6n 12/05/uR 12:20:07 Y a0 0270200 207 2% 14
FWE 20027 12/onjaR 12:574:01 (AR 32T H02Y 214 171 36
SWE o6 12/05/92 13:26:16 18:00 H32T.06616 203 121 16
PAVE 2028 12070 14:05:° (YA 2T OWIAL 201 163 16
SV ey [IFEYE N T4:38:21 18:000 w2t e 202 121 16
FANT 2a029 Lrjon/an 15:1:8:31 [INRTLT] Q3271375 201 163 16
SWE s 12/05/97 1541530 1800 932716354 202 121 L
FAVE 2000 Lejun/ux | [RSPAI AT (GIETY] Q32T 180610 201 164 16
SWI e 12/057923 17:35:0s 18:00 U3NT.220L AR 120 1o
LA 20030 12/05 /a8 IRERER I O N32T2A20 h
SAWH s 1 2jon RS Je 10 32T 2080 20 110 15
LAV 20 [IRFASRYALS 185904 [IRRV ] 327U

SWI dti66 IRFIIRYAIN] | RIS PR 17:00 u327.320106 242 115 15
AW 26933 12/05/93 20:U3:57 00K 9327.33920 236 174 35
SAVE a9a67 12/05/M3% 201938 16:00 9327.37336 194 104 14
LAVT 26934 12/05 /493 21:21:45 8:00 4327.39288 205 161 33
SWT hjeR 12/05 /93 21:52:14 17:00 Y327 41718 227 110 15
SWI* 9470 12/u6/u3 0u:41:47 16:30 U327 53457 198 140 14
LWI' 26435 12/06/93 01:06:42 05:30 u327.54910 210 164 35
SWP a7 12/06/93 01:36:12 17:00 1u327.57271 216 132 15
LAWE 26936 12/06/92 02:15:2% 0%:00 u327.59721 218 179 36
SWE 9472 12/o6 /a1 02:44:03 }7:00 0327.61883 204 130 21
LA 26037 12/06/493 03:16:57 0v:00 4327 .6399%0 233 182 46
SwWp T 12/06/493 03:47:21 18:00 4327.66413 215 148 38
LWT 24 12/06/93 04:18:54 07:00 4327 68222 e’ 161 56
SWE 9474 12/06 /93 044870 17:00 932770602 229 154 47
LWT' 2693y 12/06/93 05:23:14 (LY U327.7275Y 222 134 58
SWE 475 12/uG/93 Us:52:24 15:00 H327.75097 243 139 v
LAWY 26940 12/06 /03 O6:24:42 10:00 4327.77062 224 187 38
SWE 49476 12/06/93 O:53:05 20:00 €327.79381 192 131 16
PAVE 26941 12/06,/93 07:25:25 10:00 49327.81279 215 176 35
SWE e T? 12/tG /63 07:59:54 20600 2784021 209 125 15
LW 26842 12/00/93 08:58:34 10:00 H327.8T748 214 155 38
SWIE s 12/006/4%8 0Y:24:08 20:00 Y327 8987V 203 127 14
PAVE 2onqn 12/06/0s 05844 10:00 2327.91932 205 161 36 1
SWP qui479 12/06/93 10:28:32 20:00 032794343 206 132 14
LW 26044 12/0G /92 11:06:05 100 9327.96603 208 161 39
SWI qaasp 12/ /93 11:36:00 20:00 2T NN 207 12 14
IAVE 26045 12/06 /04 12:08:34 10:00 DI2E.UU2 214 171 36
SWI @) 12/06 /98 12:37:07 20:00 €328.03307 215 132 16
LWP 26446 12/06G/93 13:24:20 10:00 9328.06204 222 171 34
SWI qui82 12/06/93 1:3:54:32 20:00 4328.0864% 205 140 16
LW 26947 12/06/93 14:27:32 10:00 9328.10593 224 164 36
SWP 49483 12/06/93 14:55:24 20:00 9328.12875 201 128 17
LWP 26948 12/06/93 15:27:34 10:00 9325.14762 222 182 37
SWP 49484 12/06/93 16:00:48 20:00 9328.17417 209 134 21
LWP 26949 12/06/93 16:49:00 10:00 9328.20417 233 182 38
SWP qu483 12/06/93 17:14:37 20:00 9326.22543 228 123 17
LWT 26450 12/06/93 17:44:53 10:00 9328.24645 230 164 36
SWP 49486 12/06/93 18:23:43 20:00 9328.2734) 249 127 17
LWP 26951 12/06/93 18:57:58 10:00 9325.29373 233 17 7
SWP 49487 12/06/93 19:28:24 18:00 9328.31764 204 110 15
LWP 26952 12/06/93 20:00:37 09:00 9328.33689 223 16} 35
SWP 49488 12/06/93 20:34:47 18:00 9328.36374 213 118 15
LWP 26953 12/06/93 21:07:07 09:00 9328.38307 216 150 35
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TABLE 1 - Contrewed

lmage Number UT Date UT Start Duration Julian Date LExposure Levels (DN)  Notes
(Mon/Day/Yr}  (Hr:Min:Secd  {Min:Sec) {2.440.000+) Emin.  Cont.  Back.

SWE 9489 12/06/97 21:37:09 18:00 9328.40705 |88 07 1
SWP 19491 12/07/93 00:49:48 19:00 4328.54118 189 122 B
LWE 26u5. 12/07/93 M:60 o Y328.35602 200 1601 3
SWE gua 12/07 /493 AN TETE B 2100 GA2NIRTON 2 [R1P i
LW 20455 12/07/93 02:1 748 IETY IXPESTE i AP 182 3
SWE quqai 12/07 /9% 02:46:25 2200 wN LR 200 119 i
FAVE 269456 12/07 /93 (31450, [TLY wa2saidsl 24 187 iy
SWI qugn 12707 /93 3NN 2200 W28 66607 233 e A2
PAVE 2uan7 P07 D202 yeaa (i G 2R GRINN 2ot 184 S
SWE qugen 12/07/93 O4:449:000 R WI2R.TUTT) 210 154 45
LW 26958 12/07/93 05:21:30 [LIREY WI2R.T2634 200 18T Y
SWP a9 12/07 /93 (VIIRTIBA 2100 WLR.THO26 21 110 51
LMW 26454 12/07/93 06:22:21 000 Q328 THRIY Pl %1 41
SWP 40497 12/07/93 UG5 100 D200 QIR THI00 205 1T T
LWT 26460 12/07/93 (URVER Y 1000 432881123 205 173 44
SWE quqog 12/0779% 07:58:40 22:00 ERPER BTN IS 237 14.4 1D
LAWP 26961 12/07/43 08:52:45 31:00 932887379 221 T Kiy
SWP ququu 12/07/93 09:16:22 20:00 9328.89331 225 136 18
LWP 26962 12/07/93 09:49:40 10:00 4328.91296 209 163 aT
SWP 49500 12/c7/93 10:18:53 20:00 9328.93672 211 141 17
LWP 26963 12/07/93 10:50:15 10:00 9328.95503 207 162 37
SWP 19501 12/07/93 11:25:21 20:00 9325.98288 195 139 17
LWP 26964 12/07/93 11:57:03 10:00 4329.00142 232 184 35
SWP 49502 12/07/93 12:30:42 20:00 9329.02826 200 136 18
LWP 26965 12/07/93 13:04:18 10:00 9329.04812 230 75 39
SWP 19503 12/07/93 13:33:08 2000 9320.0T162 2n 119 18
LWP 26966 12/07/93 14:04:16 10:00 9329.03977 221 174 an
SWPF 49504 12/07/93 14:32:59 2u:00 9329.11318 196 133 15
LWP 26967 12/07/93 15:04:35 10:00 9329.13165 218 166 36
SWF 48505 12/07/93 15:36:14 20100 9320.1571} 232 157 17
LAVE 25068 12/07/93 16:11:39 1100 932917823 223 175 3
SWP qusoa 12/07/93 16:58:11 N0 9329.21402 215 112 20 t
LW 26964 12/07/93 T 00 €:329.23031 229 168 a5
SWP qus07 12/07 /93 19:00 032925430 217 112 21
LW¥F 26970 12/07/93 w00 $329.275%0 221 167 37
SWP 49508 12/07/93 19:04:54 19:00 9329.30167 210 129 1>
LWP 26971 12/07/93 14:34:00 P wi29.32187 2 16GR RE
SWPE 49509 12/07/93 20:00:02 19K 9:3290.34620 206 124 v
LW 20972 12/07/93 20:43:00 L 7RV V] 93293646132 206 167 345
SWT* 8510 12/07/93 21:14:34 20:00 O9329.39206 213 e 1N "
LWP 26973 12/07/93 21:48:47 L ea:0u 0329.41200 213 1466 36 )
SWP 49511 12/07/93 22:21:06 20:00 932443838 200 126 1N v
SWP 49512 12/08/93 00:35:57 2000 9320.5319] 221 131 15
LWP 26974 12/08/93 01:04:27 10:00 4329.54823 217 177 34
SWP 49513 12/08/93 01:33:46 19:00 0329.537171 214 133 15
LWP 26975 12/08/93 02:06:13 10:00 Y329.59112 222 185 34
SWP 49514 12/08/93 02:34:04 1900 9329.61359 213 13 15
LWP 26976 12/08/93 03:07:17 10:00 9329.63353 217 185 306
SWP 49515 12/08/93 03:34:39 20:00 9329.65601 220 148 15
LWP 26977 12/08/93 04:07:40 10:00 9329.67546 207 176 35 1
SWP 49516 12/08/93 04:35:52 19:00 9329.69817 211 140 17
LWP 26978 12/08/93 05:10:48 10:00 9329.71931 228 176 36
SWP 49517 12/08/93 05:38:44 19:00 9329.74183 216 132 15
LWP 26979 12/08/93 06:10:37 10:00 9329.76061 210 1R0 an
SWP 49518 12/08/93 06:39:15 19:00 9329.78385 198 136 15
LWP 26980 12/08/93 07:11:39 10:00 9329.80323 208 173 35
SWP 49519 12/08/93 07:49:13 20:00 Y329.83279 23 122 I5
LWP 2698) 12/08/93 U3:38:24 30:00 9329.86347 - 21) 165 34
SWP 49520 12/08/93 09:05:15 20:00 0329,88559 214 135 17
LWP 26982 12/08/93 09:39:33 o 9320.90594 222 166 34
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TABLE 1 - Continurd

Image Number U'T Daie UT Star Duration Julian Date Exposure Levels (DN) Notes
(Mon/Day/Yry  (He:Min:See)  (MinsSer)  (2.440,0004) Emis. Cont. Back.

SWE oA 12/08/93 10:08:55 20:00 932492980 a2 133 16
LAWE 26087 12/08/93 10:41:07 10:00 9320 948GH 6 168 35 1
SWP na2 12/08 /93 11160 20:00 Y329.97H80 21X 130 16
LW 2608 12/08/43 F1:02:55 TU:K) DEPAREU a2 163 34 1
SWE 0620 12/08/03 12:22:05 20:00 9330.02228 214 145 17
LW 269848 12/08/97 1:3:03:10 10:001 4310.04741 208 160 36 |
SWIE gon gy [PHIYER 20:4%) 4330.07454 208 22 17
LWL 2eusn L2/uN/us Ju:0n 933000278 210 160 35
SWEgan s 12/oxjan 2000 Q30 160 213 144 17
LAVE gousT 1208793 10:00 W01 3465 15 176 36
SWI qan e 12/08 /03 153:40-03 20:00 433015976 224 139 18
LAVE 2608s 2jongod 101104 10:U0 HA40.1TTSL R 1T 3T
SWE enet 12/05/403 lo:54: 10 2000 Q43021128 232 22 21
IR RN L2/un/us Qs tu:ou VA0 2280] BRI 180 37 1
SWE anaes 12/us /9 : 20:00 Q33025175 224U 130 18
LAWE 2otao 12/un/as 100 3302738 22 182 35
SWEgua 2 12/08/93 20:00 9330209745 220 162 18
LW 26001 12/08/93 10:00 9330.3184 238 174 3H 1
SWE 9330 12/08 /93 20:00 Y330.34584 237 123 18
LW 26um2 12/08793 10:00 9330.36723 232 178 36
SWE 4933) 12/08/93 18:00 9330.38380 194 108 16
LW 26043 12/08/493 21:46:46 10:00 9330.41085 220 163 36
SWP 49333 12/00/93 00:31:5¢ 19:00 9330.52831 218 120 15
LWP 26u44 12/08/93 0U:58:23 10:00 9330.54402 222 190 33
SWP 49534 12/04/93 01:27:21 19:00 9330.56726 211 120 15
LW 26005 12/08/93 02:02:51 10:00 9330.5887Y 224 192 33
SWH 49533 12/09/93 02:32: 19:00 9340.61240 M3 120 15
LW 2eusn 12/un/93 03:06:05 10:00 9330.63270 230 136 35
SWIT 49336 12/08/93 03:35:38 19:00 9330.65634 210 120 18
LW 2iaa7 12/08/93 04:14:14 04:00 9330.679G8 208 177 39
SWP qua3T 12/04/93 04:43:01 19:00 9330.70314 202 115 20
LAWP 2690 12/09/93 05:16:29 09:00 9330.72290 206 160 38
SWE qua3s 12/09/93 03:45:08 19:00 9330.74627 1™ 125 15
LW 2690 12/u8/93 06:18:373 Us:0U 4330.76601 210 173 34
SWP 49339 12/04/93 06:47:57 20:00 9330.79020 189 120 16
LWP 27000 12/00/93 07:25:32 09:30 9330.81252 201 154 35
SWH 9510 12/0u/93 0N:03:14 20:00 2330.84397 221 124 15
LAVE 27001 12/08/93 U:08:4) 09:30 Y330.88416 208 153 38
SWE 9540 12/08/03 0003420 20:00 9330.90933 203 12 R
LAV 27002 1200 /93 10:21:02 Uiy V33093441 210 160 3
SWP qn542 12/09/93 10574 20:00 4373096370 202 no 19
LW 27000 12/08/93 S32iAT 09:30 93730, 98434 209 154 39
SWP 4o 12/0N/93 12:02:00 20:00 4331.00844 203 118 19
LAV 27000 12/09/93 1258 Ur30 0331.02973 204 171 38
SWP 49334 12/00/93 1:3:16:05 20:00 9331.05978 192 120 18
LWFP 27005 12/09/93 13:52:40 09:30 9331.08137 27 168 v
SWE 39545 12/08/93 14:25:37 20:00 9331.10807 202 92 20
LWP 27006 12/09/93 15:03:25 09:30 9331.13050 208 166 7
SWP 49546 12/09/93 15:32:36 20:00 9331.15458 197 162 19
LWP 27007 12/09/93 16:11:17 09:30 9331.17763 213 165 37
SWP 49547 12/09/93 16:56:54 21:30 9331.21347 227 133 16
LWP 27008 12/09/93 17:27:58 10:00 9331.23123 5
SWP 495485 12/09/93 17:56:41 21:00 9331.25499 227 130 20
LWP 27009 12/09/93 18:31:42 10:00 9331.27548 245 168 36
SWP 49549 12/09/93 19:01:40 21:00 9331.30012 226 141 20
LWP 27010 12/09/93 19:38:06 09:00 9331.32125 239 168 36
SWP 49550 12/09/93 20:08:02 20:00 9331.34586 227 113 19
SWP 49551 12/09/93 21:05:29 20:00 9331.38575 226 127 20
LWP 27012 12/09/93 2):41:18 09:00 9331.40681 220 167 35
SWP 49553 12/10/93 00:17:15 19:00 9331.51858 204 117 15



TABLE ) - Continwed

limage Number UT Date UT Start Duration Julian Date Exposure Levels (DN Notes
(Mon/Day/Yr) (Hr:Mim:Sec)  (MuuSec)  (2.440.0004) Emie. Cont Hack
LWP 27013 12/10/93 00:44:14 00 9331.5338 213 1av 32
SWP 49554 12/10/93 01:14:37 20:00 33155876 225 120 Ih
LWP 27014 12/10/93 01:30:15 Hon WAR]LSR007 22 167 12
SWE gunan 12/10/93 02:149.14 20000 IRSIRTIRIRY 2 120 [
LWP 27015 12/10/93 02:54:11 10:00 933162403 27 165 N
SWI qu8a6 12710792 03:23:42 20000 D331 64RA0 2% 150 20
LW 27010 12/10/93 Q:4:58:00 10 WBLGGNS] 227 155 4
SWPE quss57 12/1u/u3 0427550 1900 NRSTRIPIED 21y 130 24
TAWIE 7o s 12/10/03 050401 1000 WL TG0 241 161 H
SWP 19558 12/10/93 05340 HEVY VTN 220 125 20
SWE qusse 12/10/493 070907 IN:0n WITNOA2S 2UH. 115 s
LWE 27010 12/10/93 07:43:50 un:0 3182530 208 150
SWE 49360 12/10/93 08:18:41 18:(H) H331LRA 250 (RN HEE 15
SWP a9s67 12/11/93 0557011 10 AR 1 12 15
LWFP 27024 12/11/493 0G:50:15 1010 N3 TRNAT 17 1 nr 7
SWP 49568 12/11/93 07:07:29 20:0 0332.80381 222 115 1n
LWP 27025 12/11/43 07:42:12 10:30 u332.82444 21 155 35
SWP 49564 12/11/93 08:15:30 20:t0) 9332.85104 211 129 15
SWP 49574 12/12/93 05:35:33 21:00 4333.74031 185 120 18
LWP 27030 12/12/93 06:06:12 11:00 a333.75813 198 155 36
SWP 49575 12/12/93 06:35:57 24:00 9333.78330 210 120 15
LWP 27031 12/12/93 07:10:41 13:00 4333.80360 223 163 36
SWP 49576 12/12/93 07:40:26 25:30 9333.82843 235 140 15
LWP 27032 12/12/93 08:15:09 13:30 9333.84837 240 158 37
SWP 49582 12/13/93 05:50:03 24:00 9334.75142 233 126 15
LWP 27034 12/13/93 06:18:55 13:00 4334.76765 251 167 3
SWP 49583 12/13/93 06:49:05 22:30 0334.79173 210 124 15
LWP 27035 12/13/93 07:20:59 11:30 4334.81006 221 160 34
SWP 49584 12/13/93 07:50:15 23:00 9334.83455 212 118 15
LWP 27036 12/13/93 08:23:53 12:00 1334.85408 200 1434 a5
SWP 19592 12/14/93 05:42:29 24:00 0335.74617 228 13 16
LWP 27040 12/14/93 06:09:47 13:00 9335.7613) 251 190 34
SWP 44593 12/14/93 06:40:28 23:00 9335.73609 214 122 1h
LWP 27041 12/14/93 07:14:19 11:130 133580543 210 173 34
SWP 49594 12/14/93 07:43:58 23:00 4335.83018 233 126 14
LWP 27042 12/14/93 08:17:06 12:00 u335.84938 228 17N R
SWP 19600 12/15/93 05:449:46 22:00 1336.73053 208 136 1
L\WP 27048 12/15/93 U6:18:25 12:00 D346, 76696 249 186 #4
SWP 49601 12/15/93 06:46:47 24:00 933G6. 79082 225 137 15
SWP 14602 12/15/93 07:39:30 23:00 933632708 240 1 15
LWP 27050 12/15/93 o08:22:12 . 1100 9336.85257 235 Bkl 31
Notes:

]
2
3
4.
S
6
7

. Microphonics present.

. Noisy. Exposure cut short due 1o Earth accultation,
. Header incorrectly savs image number is SWI> 44418,
Pointing error. Target on edge of aperture.

. Lost most of image due to telemetry problems.

. Lya slightly overexposed

. Exposed for additional 10 min in high dispersion.
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GAUSSIAN TONTONENTS

TARLE L

RANGLS, MLEANSD AND STANDARD DEVIATIONS

Fitved Fo (1011 CrEs AT emTe AT A tA) o ()

Camponent Nin Mean Nax \in Mean AMas Min AMean Max
Ly Absapion B D N TP e T 12110 12152 Ly 120 1 4.4z 1.8 .0
Py oo Narow 052 g0z 205 27000 1NN 121752 1A 2.1 dd=x U 4.5
| Hrol S N2 v 1725 P2l 1219492 1.3 12220 ~T 12.6= 1.0 155
N RNIRE S N “2Q000 1240 12381 1. 12400 S JHz 0 Bt
C - Absorption 1T St 2 13270 1330.74 1.1 IRENED 1.5 sz 0T 3.0
SV L Abeorpiion 1 S ERRT IS 1Y 1RR/T0 138055 (LY 10020 1.7 3= 1.1
SeIV - Absorption 2 PR R B LN SNAT] SN Pt 13984 E UK 1401 .0 1.3 P 3.0
SN - O NV - Bnossion (EX{] 126+ 39 17.5 Poss 13903 1.8 13us L 6.0 12.0= 2. 16
NI 20 INEEY 1.5 G480 dseiz 31 4900 0. oo= 1A )
C IV - Absorprion 10 SBUGE NN ST00 154300 154492 09 15470 2.7 3.3= 0.2 4.0
CIV - Norrow (R TN TS 9o 13410 1545.8+ (1R 15477 T.5 9.7+ 1.1 12.0
C IV Braad ST 8T s SU 13450 1546.1% 1.6 15331.4 205 34.5=%= 2.1 36.5
1 1 bt loest 1Y 257 16460 163811 1.0 16400 4.0 843 1.7 10.5
(AR T loas 1.0 [ 16574 1GG2.R: 2.0 16660 4.5 R4= 1.0 WA
VEHT Ahsorpnian ) S2uz LU G0 INANO IRALI® 3.3 IR600 0.0 d.6= 14 .0
~ e 1 S HLA  INTWO INR4.24 2.8 1RGO0 hRY Vux 1.2 108
CHT Narrow [NRY 2.0z AR LT'V) SRS RUCS R T S0 B UBD KV SN ) 4% 00 6.1
CHT Hraad 2.0 6.0 2N 12.0 [N 1v07.53% 4.7 19190 T0 13.3= 3.0 [
CHE - RED 10 3% 1.0 S0 101200 191502 L Inisd 0T 2az om 4T
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TABLE =

SWP FLUXES"

Julian Date
{2.440.000+)

Faf1273 Ay

Fi(1440 )

Fails2o )

Fgo V)

F{te 1)

(¢ 1y

RETR R
HETE S8 RS
RRIERIPIN [N
YI3TORT 120
QA31Y.RR4G5
G319 90000
320,841 5%
9320.88760
Q320,933
Y321.83264
9321.880064
9321.92568
9322.65037
O9322.7018%
9322.74602
9322.79447
9322 83888
49322.91464
32296032
09323.01425
9323.06480
9323.11355
Q323.3168306
93234.2478
9323.29455
9323.340125

Q323062700
9323.6774945
9323.72733
9323.77715
9323.82148
9323.89205
9323.93636
9323.98333
9324.03740
9324.08808
9324.14307
9324.19147
9324.25170
9324.29414
9324.33682
9324.33025
9324.42285
9324.56161
9324.60663
9324.65139
9324.69515
9324.73948
9324.78458
9324.839U3
0324.89620
9324.94267
9324.98905
9325.04013
9325.08877
0325.13614

RIPRTRE. S YRR}
45 RN 0T
3G.61340.30
302720445
3864400
4R 45410030
ATUNEU.3T
38.742£0.37
38.5010.30
37.33120.36
38.891+0.36
348.9610.36
40.4740.37
40.8210.38
39.9410.38
40.7840.38
43.331£0.30
44.4010.40
44.46£0.40
44.62+0.40
44.77£0.40
44.1920.40
44.7510.40
42.064£0.38
42952048
J1.2620.349
3185003
F2.00% 00
127020084
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43.1710.38
42.46120.3v
42.7220.34%
42.48+0.39
43.58%0.40
44.0210.40
42.49£0.40
43.404£0.39
43.8720.40
42.1810.39
40.804£0.38
40.9610.38
40.54+0.38
40.99+0.38
42.8340.39
40.9340.39
40.8410.39
40.18+0.38
40.05£0.37
38.800.97
40.454£0.738
39.7340.38
3R.4720.36
38.8540.:37
39.2540.37

A TTHuN
32.69 20
3225002
3317205
115200
43200
34.53F£0.50
36.2220.04
153.37+0.53
33.5240.52
34.12120.51
35.1410.52
36.6020.54
35.4820.54
36.5240.54
37.1040.54
37.15320.54
37.95120.56
38.1710.55
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349.8120.5¢
37.4640.5.
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B 1920,
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38.05%0.
T38.8340.
36.52+0.°
37.87%£0.35
38.5310.56
37.0110.54
37.514+0.54
36.0840.54
36.71X£0.55
37.951+0.54
37.74+0.54
37.4010.54
38.2010.55
36.8410.54
37.55+0.53
36.94£0.53
38.18+0.55
36.2540.56
36.541+0.55
35.574+0.53
37.25+0.54
35.2240.53
34.97£0.53
35.6840.53
34.9240.53
35.57+0.54
35.1840.33
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20001200
20,0520 W
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270200
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28.0420.306
27.5240.35
27.1220.34%
8.5340.37
29.1610.36
28.8120.35
29.304£0.37
28.8010.37
28.6520.37
20.2840.37
28.96+0.37
30.1740.36
28.244£0.30
20062035
20.02%0.85
20192030
AR R20.35
20214080
2901440036
29492037
30.7220.36
29.5810.36
249.1410.35
29.62120.36
28.991+0.37
28.45+0.37
29.2840.37
27.86+0.37
28.641£0.38
28.6710.35
28.984+0.36
27.941£0.37
28.6010.37
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27 H320.096
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Kizudvo
NGoEU 1o
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R4£0.10
.T8xU.10
74010
2.911+0.10
3.1320.10
3.134+0.10
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2431010
2.01x0.10
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2.9410.10
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2.96+0.10
2.891+0.10
2891010
2.9540.11
30703
3182010
3.omE010
3.26&0.10
3.0220.00
2692011
3.0020.10

<o

[V SO 8

[

[

L A

LS VR DL SR L S 4

[

[T

[ 53

[ I S TR IS SV I RV Y



TABLLE 3 - Crontinued

Jian Date  F3(1275A)  Fy(1440A)  Fi(1820A) F{(C V) F(He II) F(C 1))

(2.440.0004)

W2H 1R1T] 40.7810.39 358.05020.54 27.2240.30 21862029 3.26£0.11 4132010
075245, 249G0 38.40%20.38 3006420550 282820137 22032020y 3.ldzu ) LA 0
9325.3H5080 349.534%0.36 do.1120.5) PANVHE JUREY 2012027 2.99x0.11 41420010
47325 40001 40.5620.37 37.0320.54 28,541,137 22341027 3.05%0.1]) 3.152£0.10
Q325.543% 40.2640.38  38.19£0.51  29.1a0.36 22384027 3.05x0.11 0 4.12%0.10
97325.58506 13.8910.39 39.03£0.55 20.38£0.37 22504029 3.2ux0.11 4.20%0.10
H323.G2930 44.2240.40 39.3740.56 20184137 23.0240.29  3.5520.01 3.2140.11

9325.67491 44492047 34.84040.64 20142047 22894024 3.68£0.11 3172010
9325.71769 46.2640.51 34.38120.72 30.0240.51 220924029 36101 3.1240.11

2076265 FGIRT04Y 34862060 290040000 22102024 J.68t6.1] 3141010
HEYHRILIR 45301 0.44 40.84940.61 29.07 040 22464029 3.5710.11 3.10%0.11

G325 .8THM 13.7420.42 38.7540.58 30032038 22k 3.61120.1) EROE RIS
REVNRIPRPS] AMRIH0.42 3R 0620.58 0020 20334020 34430310 SHIG- ORI
25 WGRTR 46672042 U TREO.50 30204030 22301020 340320 11 3241010
Q426008227 45.5720.42 AU U050 Ju0ut0 40 22861024 B.1v=x01) 4420010
$326,00040 47472043 38454059 200172040 22832027 8142001 3483011

Q32010877 Je.02043 40382060 J065FU0 2la0tu2y 3.0500) d.5H0UU
Y526.00278 48472045 42312062 30.2410.40 J2e2t000 B2uzulld 3.28%0.11

YL NGAY 1080045 41.7120.61 32032042 25.2340.27  3.20xua1 0 3.3310.10
326,250 44 50.09+£0.44 42.74120.60 32.270.41 23.4710.29  3.306%0.11 3.37%0.10
32029883 50152043 43.7620.59 324032039 23134029 3.9010.11) 3.50£0.10
932634414 4Y.78+0.44 42.8610.61 31.6010.11 22554029 3.5420.11 a.5240010
Y326.38745 51.4540.46  43.07+£0.63  32.51+0.41 22.80+0.29 3.57x0.11  3.56%0.10
9320.545%1 51.5420.45 41.72+£0.60 32.2710.40 22.794£0.29 3.60£0.11 3.454£0.10
97326, 58498 51.9220.43 43.35+0.57 31.6210.38 23.4710.29 3.70x0.11 3.524£0.10
9326.62965 51.474+0.48 44.344065 32.714£0.45 23.2440.29 3.78%0.11  3.60x0.11

9326.6718Y 52.30+0.52 44.9920.73  32.64%0.5]) 23.8640.29  3.6020.11 3.9420.30
93206.713%6 53.9240.58 44.2520.80 32.78x0.57 23.69+0.29  3.50%0.11  3.9110.13

9326.75653 54.34120.50 44.79120.68 32.78xU.4b 23.8940.29 3.55x0.11 3.85%0.10
9326.80056 52.24+0.44 43.0730.57 31.38+£0.39 23.374£0.29 3.63x0.11  3.6110.10
9326.85309 52.83120.44 43.8010.57 31.92+£0.37 23.38+0.29  3.58x0.11 3571011
4326G.92141 52.5240.46 43.0210.62 30.8940.39 23.091£0.2y  3.52x0.11 3.6240.10
9326.97450 51.37+0.45 44.2440.62 31.01+0.41 23.44%0.29 3.36%0.11 3.38%0.11
93270209 51.17+0.44 42.8530.61 31.63+0.39 23.39+0.29 3.3240.11 3.53x0.10
9327.06616G 51.0040.44  43.2610.61 31.33+0.38 23.84%0.29 3.34%0.11 3.45%C.10
9327.11621 51.174£0.45 43.0510.61 30.858+0.41 23.97%0.27 3.5040.11 3.57%0.10
9327.16354 49.42+0.44 41.8940.61 30.63+0.39 23.75+0.29 3.57+£0.11 3.6610.11
9327.22521 31.8630.46 44.2740.62 31.99+0.42 23.761+0.2¢ 3.6910.11 3.58%0.10
9327.26420 51.15420.48 40.4840.63 31.94+0.42 23.5410.29 3.66%0.11 3.43%0.10
u327.32016 49.79+0.46  41.8240.63 31.77+0.42 24.0410.29 3.81+0.11 3.37£0.11
u32T.3Ta%6 49.5740.47 40.0920.63 30.3310.42 23.99+0.15 3.63%0.11 3.40:0.10
932741718 48.81+0.44 40.46+0.62 30.55+£0.40 23.55+0.27 3.61%0.11 342201
W327.53.174 47T.4720.44 39.41120.62 29.2240.40 23.2840.29 3.3410.1) 3.47120.11
9327.572%1 47.10x20.44 39.2310.60 29.8740.40  23.3640.29 3.35%0.11 3.3510.10
u327.61983 47.01 20406 39.1520.634 30.42120.44 23.4840.29  3.281u.1) 3.3740.00
V3IT.O6H13 474050 4].7520.73 29.5610.5] 24.051+0.)5 3.5240.1) 3.5210.11
0327.706U2 48.37£0.55  40.8630.79  29.611£0.55 24.4020.29 3.4410.11 3.58%0.10
9327.75097 47.19%0.47  40.05£0.65 30.054£0.46 24.5910.29 3.6510.11 3.621+0.10
9327.79381 45.0340.40 38.57+0.55 30.33+0.37 24.13%0.29 3.4710.11 3.48%0.10
9327.84021 43.7140.39 39.641+0.55 29.1820.36 23.69+0.27 3.62+0.11 3.36x0.10
9327.89870 43.3310.39  36.4240.54 25.9210.39 24.0110.29 3.50+0.11 3.3510.10
9327.94343 44.601+0.40 35.761+0.53 29.03+0.37 24.4110.29 3.40%0.11 3.2910.10
9327.99028 44.0420.39 36.0310.53 29.09+0.36 24.59+0.27 3.3510.11 3.47+0.10
9328.03307 43.4740.39 36.9440.54 28.37+£0.36 24.2810.29 3.3240.}] 3.34%0.10
§328.08648 43.174£0.38 37.1430.55 28.97+0.37 24.4130.29 3.4510.11 3.32%0.10
9328.12875 43.5840.39 36.7110.54 28.4940.36 24.30+0.29 3.5540.11 3.30%0.1}
9328.17417 44.0240.41 37.5710.56 29.56+0.38 24.2840.29 3.6110.11 3.2510.10
9328.22543 44.1320.40 39.3620.57 29.174£0.37 23.96+0.27 3.4210.11 3.3910.10
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TABLE 2 - Continued

Julian Date
[ 2.440,000+}

Fi(1275A)

Fy(14400)

FL(1820A)

F(C1V)

F(He 11)

FC

HALN. 2T
WAL 81T
QAN 36T
93280705
G328 54118
Q32N BRIOS
Q328 62321
Q32866607
a328.70771
G328.75020
9328.749306
9328.84015
A32%.849331
9328.93673
Q328 .AR28R
9329.02820
9329.07162
9329.11318
9329.15711
9329.21402
9329.25431
9329.30167
9329.34620
9329.39206
9329.43838
9329.33191
U329.57171
U329.61354
Q329,650
32964817
0732971183
9329.7838%
9329 8327
9329.88559
9329.9288%0
9324.97655
9330.02228
9330.07459
9330.11640
9330.15976
8330.21123
9330.25175
9330.29745
9330.34584
9330.38880
9330.5288)
8330.56726
9330.61240
9330.65634
9330.70314
9330.74627
9330.79020
9330.84397
9330.90933
9330.96370
9331.00844
9331.05978
9331. 10807

45212040
EEWAE JE N
44371041
42.5120.41
41442009
42.2420.3K
44004040
44.94940.45
44.55%0.49
45.0910.43
44.2910.38
44.154£0.37
45.56+0.40
44.60£0.40
46.9540.44
46.4210.41
46.76+0.41
48.05+0.42
48.60+0.42
48.634£0.42
46.3910.41
47.3940.42
48.3210.43
46.53£0.40
45.9610.38
43.491£0.40
42.53+0.40
418320149
42031088
41.6110.40
41.3620.39
41.00£0.39
39.594+0.37
39.8840.38
39.5410.37
40.3940.37
41.2240.38
34.214£0.38
40.1210.37
34.59+0.38
40.5510.39
39.23+0.37
40.00+£0.37
41.40£0.39
40.99+0.39
40.17+0.37
40.60+0.39
40.621+0.39
41.611+0.40
42.7240.42
41.34£0.40
41.4840.38
43.0410.40
42.0440.34
43.17120.34
43.5220.40
43.31 20199
43.3240.40

BT.XULONN
RT3 AN
BO.TERONT
KT K E I U
Ju.09 e is
Ry & JURRI
AU IT40 M
40.7420.04
39.58+0.70
3934208
39.0620.32
3877052
38.924+0.535
35.40120.5¢
37.86£0.535
39.13+0.55
40.09+0.56
40.5720.57
39.76+0.5¢
39.20£0.535
40.4110.58
39.2340.57
38.1210.37
38.391+0.574
37.2410.32
37.4210.54
38.0810.50
36,200 55
36.54%0.03
37082057
358220
35422055
35.4220.533
35.86+0.33
35.97+0.53
35.03£0.53
35.1810.54
35.991+0.33
34.36£0.33
35.34+£0.33
35.67+0.34
37.481+0.535
36.3510.54
36.1240.33
35.30+0.56
36.27+0.54
36.10£0.55
36.28+0.54
36.11+0.57
35.75+0.57
35.374£0.56
36.60+0.54
36.15+0.54
36.29+0.54

. 7U20.55
36.204£0.54
35. 2820512
i A320. 54

AN 3G 2T
200
2R .G510.3y
371038
3u£0.306
R20.35
SG0+0.4T
207020442
AR N4 0.4T
PRYGLL JVRE S
28 8410.35
29332034
24.3540.36
29.5440.38
209.5340.37
30.194£0.38
29 4710.38
31.074£0.3%
3794037
30.491£0.37
29.674£0.37
31.0010.3%
30.42+£0.39
30.2410.36
29.374£0.38
28624035
28.9010.3>
2N.1320.07
27344035
A8 ATHU3Y
2R.15+0.30
27.98+0.37
26.35+0.35
27.86+0.35
27.711£0.36
26.9240.3G6
27.46+0.35
27 6310.35
27.9910.37
28.8910.36
27.0610.35
28.43+0.36
27.6930.36¢
27.55120.35
27.70£0.38
27.3120.36
27.6310.36
28.204+0.36
27.2540.39
28.00+0.39
28.47£0.38
27.404£0.35
27.59£0.36
28.65+0.37
28 871+0.3%
27 &1£0.30
XU2120.97
28.7240.37

4

[V
74

32

20152027
21184029
24.5830.29
2982024
24.7020.24
234420 249
27202000
23.2620.29
23.55840.15
2:3.9720.24
23.754+0.27
23.0010.24
24.15%0.29
24.43+0.29
24 44429
24.2640.29
24.03x0.27
24.0840.24
23.771£0.29
24.0240.29
24.01£0.20
24.274£0.29
23.6410.29
23.464£0.29
22.9240.2¢9
23.564+0.29
2:3.6940.29
2RGE0.1S
23.5020.24
23.46120.27
23.8420.2¢9
24.1410.29
23.86x0.29
23.2710.15
22.9910.29
23.15+£0.29
22.87%0.29
23.3640.29
23.301£0.29
23.64+0.29
23.3120.29
23.2510.29
23.5010.27
23.56£0.29
23.691+0.29
23.8410.29
23.5940.27
23.5040.28
23.534+0.27
24.0340.29
24.0310.27
23.804+0.15
23.99£0.27
23.4840.29
23.53+£0.29
23.5010.15
24074024
24,8240, 29

3.4utnil
R0l
ERO-XIN R
33820011
RIRLEJIN D
B E- 1N B
KRR JVRRI
31001
2.RGE0]2
3.17x0.11
3.32+0.11
3.424+0.11
3.341201
3.27x0.10
3.5140.11
3.65120.11
3.6410.11
34712010
3.4u%0.1]
3.651+0.11
3.7940.11
3.6240.11
3.481£0.11
3NN
3.5440.11
3.60£0.01
3.71%0.11
3492001
328201 ]
3.29%0.1]
3.3320.11
3.3940.11
3.3310.11
3.2940.11
3.3610.11
3.3520.11
3.33+£0.11
3.2530.11
3.151+0.11
3.231+0.31
3.1610.11
3.2310.11
3.13x0.01
3.124+0.1)
3.06t0.11
2.9510.11
3.0720.11
3.124¢0.1
3.21%£0.11
3.3240.11
3.3540.11
3.204+0.01
3.21£0.1)
3.2910.11
3.2620.11
3.1620.11
3.250.01
KR LT NN

3045401
LERUIE J10 Y]
g.21x2010
112000
A bdtun
A0 jo
2Tx00
3.3vx0. 10
3644010
3002011
3.47+0.1)
336011
3.31£0.10
3312030
3.4220.30
3.5010.10
J.1t0.1v
3.2110.10
3.1110.10
320000
3.35x0.10
3.431£0.11
3.304+0.00
3.3+ 000
RINVE VY
341200
340010
. 0t
R EEJUREL
R LE VR IU
3.44xu10
3.49%0.10
3.5320.11
3372000
3.361+0.10
3.3210.10
3.18+0.11
3.091£0.10
3.1220.10
3.3210.10
3.341+0.10
3.28%0.11
3.38t+0.00
3.4640.10
3.51+£0.10
3.38+0.10
3.2840.30
3.30+0.10
3.1410.10
3.2340.10
3.3420.10
A.57420.10
3.57£0.1)
3.3640.10
3.4240.10
3442010
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TARLE S
VARIABILITY PARAMETLERS

Feature Mean Ulux® Mean Lrror e Rous
NOI2T0 A 1340 (1.009 0).09] 1.5]
oo 3766 0.015 0.070 145
FaIs20 ) INNY 0.013 0.052 1.31
P (2688 A) 1083 0011 DRIRN 1.2

Feev) 2298 0.a12 0.054 1.33

FtHen 3.27 (1033 0.082 1.70

recmj R 0.0:30 0.078 1.49
“Continnum Huxes i units of 1077 eras v~ em™" A~

Line Huxes in onits of 1077 ergsa s71 e~



TABLE 6
CONTINUUM CROSS-CORRELATION RESULTS

Feature" Atpear Alnirwd Ty FWHM
(days) (days) tdaysi
1275 A (ACF) 0.00 0.00 1.00 1.20
1440 A —0.05 ~0.0%8 0.92 1.31
1820 A -0.05 —0.08 0.9] 1.26
2688 A 0.00 0.10 0.70 1.26

a Correlated against the light curve ai 1275 A.
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FIGURE CAPTIONS

PIG. 1T Averaaed and combined SWI and LW <pectrim of NGO 4151 for the 1993 campaign.
Fhe 1975 2300 A region has been sinooshed wite a 10 pisel (~10 V1 boxear filter for display

HLEpOSes,

FIG. 25 Sample spectrum (SWI49355) and spectral fits. The solid line s the observed spec-

tram. the dotted lines are the speetral conponents. and the dottedydashed line is the sum of the

components,

FIG. 3 Continnum fluxes in the 1275 A band. Pluxes from TOMSIPS are plotted as a function

1 1

of those from TULSIPS inounits of 10713 ergs s7em™ A~

FIG. 1 IUL continuum fluxes in uuits of 107 ergs s=' em™" A™F are plotied as a function of

Julian Datve. The fluxes are at the midpoints of the error bars (xla).

F1G. 5= TUE Tine fluxes in units of 107'% ergs s™' em™? are plotted as a function of Julian Date.

The fluxes are at the midpoints of the error hars (£10).

FIGL 60 Cross-corvelation of the 1275 A contimuum band with itself (ACI) and other continuum
hands Tor the continuous data set. The CCT s given by the smooth curve. and the DCT is given

by the plotted points and error bars,

F1G. T Cross-correlition of the 1275 A continuum band with itsell (ACF) and other continuum
bands for the entire data set. The CCEF s given by the smooth curve. and the DCT s given by the

plotied points and ervor bars,

1G. S- Cross-correlation of the Civ line with itcelf {ACF) and cross-correlation of the 1275 A
continuum band with the emission lines for the continuous data set. The CCF is given by the
smootly enrve. and the DCT is given by the plotted points and error bars.

F1G. 9= Cross-correlation of the Civ line with itself (ACF) and cross-correlation of the 1275 A
continuum band with the emission lines for the entire data set. The CCF is given by the smooth
curve. and the DCF is given by the plotted points and error bars.
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